Background: mobility (locomotor) disability is an early marker of disability progression, health care utilisation and institutionalisation in older people. Whether mobility disability has different causes in the middle-aged has received limited attention. Objectives: to examine associations of mobility disability with sociodemographic, behaviour and disease status and to contrast these with associations in older groups. Design: cross-sectional interview data from the 2002 English Longitudinal Study of Ageing. Mobility status based on reported difficulty walking a quarter of a mile (402 m). Participants: a total of 11,392 community-living respondents aged 50 years and over. Results: in the middle-aged, 8% (95% CI 7-9%) of women and 9% (95% CI 8-11%) of men reported having much difficulty or being unable to walk a quarter of a mile, equating to 787,000 (95% CI 700,000-831,000) people in England. Factors which at least doubled odds of mobility disability in the middle-aged were chronic obstructive lung disease, angina, stroke, recently treated cancer, comorbidity, lower limb and back pain. Factors associated with mobility disability in older groups were similar. Thirty-eight per cent of mobility disability in the middle-aged population was related to high levels of lower limb pain and 15% to high levels of back pain. Conclusions: mobility disability in the middle-aged is relatively common. The associated conditions in the middle-aged are similar to those in older people. Lower limb and back pain make dominant population contributions to mobility disability. Prevention of later disability progression may require more attention being paid to mobility difficulties and its causes in the middle-aged.
Introduction
Walking from one place to another is a fundamental component of everyday activities. Mobility (locomotor) disabilities in older people are well established as early markers of the disablement process, being predictive of severe disability, institutionalisation and mortality [1, 2] . However, mobility difficulties are not restricted to the elderly: Iezzoni et al. [3] described that 9% of non-institutionalised people aged 50-69 years in the US reported moderate or major mobility difficulties, on the basis of difficulties moving unassisted around communities, walking a quarter of a mile or walking up ten steps.
A wide range of factors have been linked to the development of disability in older people, including gender, social position, specific conditions including cardiovascular disease and arthritis, as well as the total numbers of comorbidities [4] . However, there has been limited research on the overall causes of mobility disabilities in the middle age, although the role of, for example, musculoskeletal conditions [5, 6] has received attention. An overview of the causes of mobility disability in middle-age is potentially important in delaying disability progression later in life. Early-onset disabilities are also of crucial importance for policies on retention of older workers and the discouragement of premature retirement, which are forming an increasingly important element of pension policy.
In this article, we report an analysis that aimed to estimate prevalence and identify the factors associated with mobility difficulties in a nationally representative study of people aged 50 years and over. Specifically, we explore whether the factors linked to mobility in those aged 50-64 years (referred to here as 'middle-aged') differ from the factors involved in older people. The English Longitudinal Study of Ageing (ELSA) [7] provides a rare opportunity to explore this issue, as few studies of ageing include middleaged samples.
Methods
This article uses data from the 2002 wave of the ELSA. The ELSA aims to provide data on the dynamic relationships of health and functioning, social networks, resources and economic position, as people plan for, move into and progress beyond retirement [7] . ELSA derives its sample from the Health Survey for England (HSE), an annual governmentfunded general health survey. The sample includes those who were living in a responding HSE survey household in the years 1998, 1999 or 2001, aged 50 years and over and still living in a private residential address in England. Original sampling was based on identifying households from postal code sectors representative of the general population. The face-toface interviews for ELSA 2002 were undertaken using structured computerised questionnaires. The health part of the interview covered diagnosed disease, cardiovascular symptoms, respiratory symptoms, disability and lifestyle risks.
Mobility disability in 2002 was assessed using selfreported ability to walk a quarter of a mile (402 m). If participants reported much difficulty or that they were unable to walk a quarter of a mile, they were classed, for the purpose of these analyses, as having mobility disability.
The initial ELSA sample consists of 11,392 participants, and of these 9,413 (83%) were classed as having no mobility difficulty and 1,803 (16%) as having mobility disability. One hundred and seventy-six participants (2%) had missing information on difficulty walking a quarter of a mile; 158 of these were proxy interviews.
Age was grouped into 50-64 years, 65-79 years, 80 years and above. Social class was grouped into managerial and professional, intermediate occupation, routine and manual, other. Education was grouped into 'degree/higher' (National Vocational Qualification NVQ4/NVQ5/degree or equivalent), 'intermediate' (higher education below degree, NVQ3/ GCE A-level equivalent, NVQ2/GCE O-level equivalent, NVQ1/CSE other grade equivalent or foreign/other), 'no qualifications'. Smoking status classed people as 'never smoker', 'ex-smoker', 'current smoker'. Alcohol consumption was grouped into 'not at all', 'less than twice a month' ('special occasions only' or 'once or twice a month'), 'at least once a week' ('once or twice a week', 'daily or almost daily' or 'twice a day or more'). Wealth was measured as net total non-pension wealth and divided into quintiles (using data from the whole ELSA sample).
Eyesight and hearing were self-assessed; although originally on a five-point scale, they were re-grouped as 'excellent or very good', 'good', 'fair or poor'. If participants spontaneously declared that they were registered or legally blind, they were put into the 'fair or poor' classification. For the other medical conditions, participants were asked: 'Has a doctor ever told you that you have (or have had) any of the conditions on this card?' Conditions were: high blood pressure or hypertension; angina; a heart attack (including myocardial infarction or coronary thrombosis); congestive heart failure; a heart murmur; an abnormal heart rhythm; diabetes or high blood sugar; a stroke (cerebral vascular disease); any other heart condition; chronic lung disease such as chronic bronchitis or emphysema; asthma; arthritis (including osteoarthritis or rheumatism); osteoporosis, sometimes called thin or brittle bones; cancer or malignant tumour (excluding minor skin cancers); Parkinson's disease; any emotional, nervous or psychiatric problems; Alzheimer's disease; dementia/organic brain syndrome/senility or any other serious memory disability. Cancer was only included if participants also reported receiving treatment for cancer within the last 2 years.
'Number of diseases' was derived from the number of nine disease areas in which a respondent had a condition: 'cardiovascular', 'lung', 'bone', 'cognitive', 'diabetes', 'stroke', 'Parkinson's disease', 'cancer if treated within the last 2 years' and 'sensory difficulties'.
'Pain in lower limb when walking' splits respondents into four groups 'no pain or never walks', 'symptomatic intermittent claudication' (based on the Edinburgh claudication questionnaire [8] ), 'pain in hip, knee or feet (1-5)', if they were not classed as having intermittent claudication but reported pain on a scale of 1 to 10 to be between 1 and 5 inclusive and 'pain in hip, knee or feet (6-10)', if they were not classed as having intermittent claudication but reported pain on a scale of 1 to 10 to be between 6 and 10 inclusive. 'Pain in back when walking' was classed as 'no pain or never walks', 'low pain' if they reported pain on a scale of 1 to 10 to be between 1 and 5 inclusive and 'high pain' if they reported pain to be between 6 and 10 inclusive.
Questions based on the CES-D questionnaire [9] were used to detect depressive symptoms. The number of negative statements agreed with or positive statements disagreed with was totalled. A score of 3 or more was classed as depressive syndrome.
Statistical methods
Three separate analyses (for each of the three age groups) were performed with all of the socioeconomic and behavioural measures and health conditions being fitted in a logistic regression model with disability as the dependent variable. Population attributable risk (PAR) and 95% confidence intervals were estimated for each risk factor of interest from the model using Aflogit in Stata/SE 8.2. The PARs take into account the strength of the association between the risk factor (exposure) and disease and the prevalence of the risk factor. Because we cannot assume a causal relationship between risk factor and disability and the removal of one risk factor may have an impact on the distribution of the other risk factors [10] we use the PARs to give an indication of the proportion of disability that is related to exposure and to establish which factor would have the largest impact on the population were causality later established. The sum of PARs does not represent the PAR of risk factors in combination, as risk factors may overlap or interact. A fourth, overall model was fitted to all the data. The same variables were included as factors, with an age-group interaction being fitted to the health measures to compare the effects on disability between age groups. The age-group interactions compared to the 50-to 64-year age group.
The results for the sociodemographic and behavioural factors are not presented as they were included only as potential confounding factors; results are available from the authors upon request. Owing to non-response in at least one of the questions, 195 participants were not included in the model, leaving 11,020 participants in the model.
Results
Proportions of participants reporting mobility disability were substantially higher as age group increased (Table 1) .
Similar percentages of females and males reported mobility disability in the younger two age groups (8 versus 9% for 50-64 years and 20 versus 17% for 65-79 years), but the percentage of females with mobility disability was higher than males in the ≥80-year olds (47 versus 36%).
Social class, qualification and wealth all showed similar patterns on their relationship with mobility disability; generally the higher the occupational social category, the more education and the higher the wealth quintile, the lower the proportion of participants reporting mobility disability, with very large differences present in the youngest group. Current smokers reported more mobility disability than the exand never-smokers in the 50-64 and 65-79 age groups (14 versus 8% and 6% for 50-64 years and 25 versus 19% and 15% for 65-79 years), though there was no difference in the ≥80 years group (44 versus 42% and 43%). The more frequent drinkers of alcohol reported less mobility disability.
The frequency distribution of each diagnosis of medical condition and other medical measures by age group is given in Tables 2 and 3 , in the 'sample total' column. Of interest, however, is the percentage of participants within each of these condition groups who reported having mobility disability (presented in the second columns for each age group). Increased mobility disability was associated with diagnosis of each medical condition, poorer eyesight and hearing and increasing number of conditions. Participants who had symptoms of intermittent claudication had proportions of mobility disability similar to those with low levels of pain in their lower limbs when walking. Mobility disability was much more common in the group reporting high levels of non-claudication lower limb pain: in the youngest age group 40% of those rating their leg pain as 6 or more out of 10 reported mobility disability, compared to only 9% of those with claudication. Mobility disability was also more common in those with higher levels of back pain and with symptoms of depression.
Sex

Multivariable associations in the middle-aged
The presence of a medical condition generally increased the odds of reporting difficulty walking a quarter of a mile (Table 4 ). In the middle-aged, chronic lung disease, arthritis, recently treated cancer, angina, heart attack and stroke were all found to significantly increase the odds of mobility disability. The other conditions were not found to be associated (Table 4 ). The estimated odds of mobility disability increased with the presence of any condition, compared to no conditions present. 
Only the most impaired classification of eyesight (fair or poor) was found to significantly increase the odds of mobility disability compared to excellent or very good eyesight, while hearing was not a significant factor.
Pain when walking was found to be an important factor for mobility disability. Although having symptoms of intermittent claudication was not found to be significantly related to mobility disability (OR = 1.58; 95% CI 0.77-3.24), low and high levels of pain in leg, knee or foot and not attributable to claudication did significantly increase the odds of mobility disability, with an OR = 6.17 (95% CI 4.33-8.79) for those reporting pain of severity 6 or more out of 10, compared to having no pain. High levels of back pain when walking were also associated with mobility disability (OR = 2.58; 95% CI 1.83-3.63), although no significant difference was found between low levels of back pain and when none was reported.
Symptoms of depression also associated with mobility disability (OR 2.03; 95% CI 1.57-2.62).
Multivariable associations comparing middle-aged and older age groups
A key question is whether the factors associated with mobility disability in the middle-aged differ from those in older groups. The direction and magnitude of the effects in the model fitted for the older age groups were generally similar to the 50-to 64-year olds (Table 4) . Estimates of effects tended to be smaller as age increased, with decreased precision for estimates and less variability in outcome being explained by the factors in the models (pseudo R 2 were 41, 30 and 26% for 50-64, 65-79 and ≥80-year-old models, respectively).
To explore this further, a multiple regression model including all the three age groups was developed (data available from authors). Interaction terms were then tested between age group and each factor (see Methods) to establish whether there were significant differences between age groups in the role of associated factors. From the overall model which adjusted for age and fitted age-group/medical condition interactions (with 50-64 years being the baseline), the odds of mobility disability were found to increase with age; OR = 3.25 (95% CI 1.71-6.19) and OR = 16.83 (95% CI 8.26-34.29) for the 65-to 79-year olds and ≥80-year olds compared to 50-to 64-year olds, respectively. Five interactions were found to be significant. An interaction between osteoporosis and ≥80 years (OR = 2.50; 95% CI 1.17-5.34, P = 0.018) indicated a stronger association at older ages. (The apparent increase in odds linked to stroke in the oldest age group was not significant as an interaction term.) An interaction between abnormal heart rhythm (cardiac arrhythmia) and ≥80 years (OR = 0.46; 95% CI 0.23-0.91, P = 0.025) indicated a decrease in strength of association with mobility disability in the oldest age group. Similarly, there was an interaction between more severe levels of pain in lower limb when walking compared to no pain in the 65-to 79-year olds (OR = 0.57; 95% CI 0.36-0.91, 
The population impact of the associated factors in the middle-aged
When considering the proportion of mobility disability in the population related to reported disease diagnosis in the middle-aged, arthritis was found to have the greatest impact (PAR = 15%; 95% CI 5-24%), with the attributable risk for other conditions ranging from 1% for cancer which has been recently treated to chronic obstructive lung disease (7%) ( Table 5 ). However, pain in the lower limb when walking and reporting of any medical condition were found to have the largest potential impact on mobility disability in the 50-to 64-year-old population (44%; 95% CI 34-52% and 40%; 95% CI 10-60%, respectively). All pain when walking (jointly considering back and lower limb pain) had the largest potential impact on mobility disability in the 50-to 64-year-old population with a PAR of 53% (45-59%) (data not shown). In the older age groups, the same factors emerged as relatively important in terms of PARs, but the absolute size of these risks was smaller.
Sensitivity analyses
To investigate whether arthritis and a measure of pain when walking in the same model could cause collinearity problems, models were run removing each term. For all models, when either of these factors was removed, the estimated odds of the other factor/components of factor increased slightly, though the overall significance and precision did not change. Similarly this also increased for physician-diagnosed condition 'emotional, nervous, psychiatric problems' and symptoms of depression. For all models, when the condition 'emotional, nervous, psychiatric problems' was removed, the estimate of odds for depression decreased slightly, though the overall significance and precision did not change, and when depression was removed the estimate of odds for 'emotional, nervous, psychiatric problems' increased slightly, though the overall precision remained the same, although the effect in the ≥80-year age group no longer reached significance. When the analyses were repeated using the nonresponse weights for the ELSA 2002 study [7] , no substantial changes in estimates were obtained. 
Discussion
Mobility disability is often thought of as a problem of the elderly, but this study has shown that in the middle-aged, 8% (95% CI 7-9%) of women and 9% (95% CI 8-11%) of men in England reported having much difficulty or being unable to walk a quarter of a mile. This implies that an estimated 787,000 (95% CI 700,000-831,000) middle-aged people in England have mobility disabilities. Bearing in mind that a quarter of a mile (402 m) would easily be covered in, for example a typical visit to a supermarket, this level of disability is substantial. As expected, several physician-diagnosed conditions were associated with markedly higher rates of mobility disability in this middle-aged group, including chronic obstructive lung disease, angina, stroke and recently treated cancer, as well as comorbidity (having more than one condition). In addition, more severe pain in the lower limb and back and a high depression score were also associated with mobility disability in this middle-aged group. The similarity between the factors in young and older people was striking. Indeed, on formal testing, there were few interactions of the more common factors with age. Also striking was the pattern of PARs of the various factors, with leg and back pain, depression and comorbidities having the largest impacts.
In interpreting these results, a number of limitations to this study need to be considered. The data presented are cross-sectional and assume the relationships in the Nagi [11] model of disablement, i.e. that the symptoms and diseases result in the disability. The sample is restricted to the community-living populations, but rates of institutionalisation are very low in middle-age and should not have introduced major biases.
Mobility disabilities are only one of several aspects of disability [12] or health-related quality of life. Of those with mobility disability studied, 70% had difficulty on at least one of six activities of daily living (including 'dressing including putting on shoes and socks', 'walking across a room', 'bathing or showering', 'eating such as cutting up food', 'getting in or out of bed' and 'using the toilet including getting up or down'). This mobility-disabled group is therefore of considerable importance in terms of population morbidity and potential need for clinical care.
Much of the analysis is based on physician diagnoses as reported by patients. Recent work comparing such diagnoses in disabled older women [13] has shown high rates of agreement (8) (9) (10) (11) (12) (13) (14) (15) (16) with clinical notes for most of the major disabling conditions, although with notable exceptions including osteoporosis, arthritis and lung disease. Thus, in this analysis, we have included both the reported diagnosis of arthritis, as well as lower limb pain on walking. Similarly, depression has been independently rated using the CES-D, in addition to considering histories of physician diagnosis. Future work should examine the role of lung disease with more direct measures of diagnosis and disease severity. In addition to the limitations, the strengths should also be considered, including the national representative, large sample size and the relatively rare opportunity to examine mobility difficulty in the middle-aged as well as the older populations in the same study.
The overall prevalence of mobility limitation in this middle-aged group is consistent with previous estimates. For example, Bajekal et al. [14] reported responses to the following question in the HSE 2001: 'what is the furthest you can walk on your own without stopping and without discomfort'. In the 55-to 64-year olds, 16% of men and 13% of women reported distances of 200 m or less. Iezzoni et al. [3] also reported significant levels of mobility difficulty in the middle-aged in the US.
The diagnoses identified as related to mobility limitation in this study are consistent with the substantial body of previous work on mobility limitation in the elderly [4] . However, the novel feature of this analysis is that these conditions emerge as being similarly important in the middle-aged, with only a limited number of interactions with age in formal testing. In the US study, Iezzoni et al. [3] examined the prevalences of self-reported causes of various grades of mobility difficulties in the 50-69 age group and the >70s, but did not undertake any modelling of conditions or symptoms. Thus, independent replication of our findings of the similarity of associates of mobility limitation in the middle-aged and the older samples should be a priority. The question that arises from this is where the extra mobility disability comes from in old age, if, as reported, the factors associated with mobility disability are similar across the age groups, with few statistical interactions between conditions and age groups. In our standard logistic regression models, the mobility risks associated with each condition are reasonably well modelled as being additive. What appears to drive the extra disability with advancing age is not generally greater than additive effects in older age groups, but predominantly the rising prevalence of most of the conditions studied. Thus, the prevalence of having two or more diseases rises from 29% in those aged 50-64 years (1,674 of the sample total of 5,792, in Table 2 ) to 55% (662 of 1,207) in the >80s. In general, this rising prevalence of conditions is enough to explain the rising net risks of mobility disability with advancing age, as we found relatively minor and few interaction effects.
A further striking aspect of the findings relates to the role of pain in the lower limb (hip, knees and feet) as a major factor in mobility limitation across the age range, but particularly strongly in the middle-aged. Adamson et al. [15] examined data from a survey of 858 people aged approximately 58 years living in Scotland and reported that the conditions most strongly associated with locomotor disability were musculoskeletal and cardiovascular conditions, but noted that reported frequency of pain was an important independent explanatory factor. The prominence of pain in the lower limb joints and back as causes of disability have also been reported in samples aged >65 years [16, 17] . These findings are also consistent with earlier work on mobility [18] and the impact of rheumatic disorders in the British population [19] .
The finding that in the middle-aged, a very high proportion of mobility limitation in the population is attributable to pain in the lower limb (hips, knees and feet) or the back, is of considerable importance in identifying approaches to prevention, treatment and rehabilitation. In considering these PARs, it is important to note that the estimates should not be taken as implying complete causality of each factor and that the sum of attributable risks can exceed 100%, as the effects of different factors can overlap. Nevertheless, in relative terms, it is clear that pain plays a major role in mobility disability compared to each of the individual diagnoses. It should also be noted that depression and comorbidity are also major contributors to mobility limitations in the middle-aged population.
Conclusions
Substantial numbers of middle-aged men and women are unable to walk or have difficulty walking medium distances that would be covered in typical everyday activities outside the home. The diseases associated with mobility limitation in the middle-aged were similar to those present in older groups. Pain in the hip, knee or feet together with back pain and depression made a dominant population contribution to mobility limitation in the middle-aged. As several of the associated factors are amenable to intervention to prevent disability progression, further work is needed on the response of clinicians to pain and mobility difficulties in middle-age.
Key points
• What is already known on this topic: Mobility (walking) disability is an early sign of the disability process in older people. In older people, common causes include arthritis, cardiovascular disease and numbers of comorbidities.
• What this study adds: We estimate that there are over three-quarters of a million middle-aged people in England with significant mobility disabilities. The causes in the middle-aged people are similar to those in the elderly. A dominant contributor is pain in the hip, knee or feet, followed by back pain. More clinical attention should be paid to mobility difficulties in middle-age, as several causes may be amenable to intervention.
